Background: Most patients with ovarian cancer are diagnosed with advanced stage disease (i.e., stage III-IV), which is associated with a poor prognosis. Differentially expressed genes (DEGs) in stage III serous ovarian carcinoma compared to normal tissue were screened by a new differential display method, the annealing control primer (ACP) system. The potential targets for markers that could be used for diagnosis and prognosis, for stage III serous ovarian cancer, were found by cluster and survival analysis. Methods: The ACP-based reverse transcriptase polymerase chain reaction (RT PCR) technique was used to identify DEGs in patients with stage III serous ovarian carcinoma. The DEGs identified by the ACP system were confirmed by quantitative real-time PCR. Cluster analysis was performed on the basis of the expression profile produced by quantitative real-time PCR and survival analysis was carried out by the Kaplan-Meier method and Cox proportional hazards multivariate model; the results of gene expression were compared between chemo-resistant and chemosensitive groups. Results: A total of 114 DEGs were identified by the ACP-based RT PCR technique among patients with stage III serous ovarian carcinoma. The DEGs associated with an apoptosis inhibitory process tended to be up-regulated clones while the DEGs associated with immune response tended to be down-regulated clones. Cluster analysis of the gene expression profile obtained by quantitative real-time PCR revealed two contrasting groups of DEGs. That is, a group of genes including: SSBP1, IFI6 DDT, IFI27, C11orf92, NFKBIA, TNXB, NEAT1 and TFG were up-regulated while another group of genes consisting of: LAMB2, XRCC6, MEF2C, RBM5, FOXP1, NUDCP2, LGALS3, TMEM185A, and C1S were down-regulated in most patients. Survival analysis revealed that the up-regulated genes such as DDAH2, RNase K and TCEAL2 might be associated with a poor prognosis. Furthermore, the prognosis of patients with chemo-resistance was predicted to be very poor when genes such as RNase K, FOXP1, LAMB2 and MRVI1 were upregulated.
Background
Ovarian cancer is a complex disease, characterized by successive accumulation of multiple molecular alterations in both the cells undergoing neoplastic transformation and host cells [1] . These anomalies disturb the expression of genes that control critical cell processes, leading to the initiation of tumorigenesis and development. At the time of diagnosis most patients with ovarian cancer have advanced stage disease (i.e., stage III-IV) where surgery and chemotherapy results in an approximately 25% overall 5-year survival rate. Consequently, ovarian cancer is the leading cause of death from a gynecological malignancy. Epithelial ovarian cancer (EOC) accounts for 90% of all ovarian cancers; there is significant heterogeneity within the EOC group. For example, histologically defined subtypes such as serous, endometrioid, mucinous, and low-and high-grade malignancies all have variable clinical manifestations and underlying molecular signatures [2] .
Gene expression has been extensively applied to screening for the prognostic factors associated with ovarian cancer; identification of such factors would help to determine patient prognosis. Studies have focused on differential gene expression between tumor and normal tissues [3] , distinguishing between histological subtypes [4] and identifying differences between invasive tumors and those with low malignant potential [5] . However, to date, the use of differentially expressed genes (DEG) have not been implemented in ovarian cancer therapies; this is mainly because their reliability and validity have not yet been well established. Microarray technology permits large scale analysis of expression surveys to identify the genes that have altered expression as a result of disease. However, microarray data is notorious for its unreliable reproducibility of DEGs across platforms and laboratories, as well as validation problems associated with prognostic signatures [6] . In addition, identification of a gene responsible for a specialized function during a certain biological stage can be difficult to determine because the gene might be expressed at low levels, whereas the bulk of mRNA transcripts within a cell are abundant [7] .
To screen DEGs in low concentrations, while minimizing false positive results, the polymerase chain reaction (PCR) based technique has been used. One screening method, differential display, requires PCR using short arbitrary primers. This method is simple, rapid and only requires small amounts of total RNA. However, many investigators have reported significantly high false-positive rates [8] and poor reproducibility of the results [9] because of nonspecific annealing by the short arbitrary primers. Recently, the annealing control primer (ACP) system has been developed; this technique provides a primer with annealing specificity to the template and allows only genuine products to be amplified [10] . The structure of the ACP includes (i) a 3′ end region with a target core nucleotide sequence that substantially complements the template nucleic acid of hybridization; (ii) a 5′ end region with a non-target universal nucleotide sequence; and (iii) a polydeoxyinosine [poly(dI)] linker bridging the 3′ and 5′ end sequences. Because of the high annealing specificity during PCR using the ACP system, the application of the ACP to DEG identification generates reproducible, accurate, and long (100 bp to 2 kb) PCR products that are detectable on agarose gels.
In this study, the ACP-based PCR method was used to identify the DEGs of patients with stage III serous ovarian cancer, the findings were compared to normal ovarian tissue. A total of 60 arbitrary ACPs were used and 114 DEGs were identified by sequencing differentially expressed bands. For the confirmation of differential expression of the DEGs, quantitative real-time PCR was performed on 38 selected DEGs; the results showed good agreement with the ACP findings. These results could be used as preliminary data for further study of the molecular mechanism underlying stage III serous ovarian cancer.
Methods

Patient information
After obtaining written informed consent from all patients included in the study, samples of primary epithelial ovarian cancer were snap frozen in liquid nitrogen and stored at -80°C. Analysis of tissues from patients was approved by the Institutional Review Board of The Catholic University of Korea (Seoul, Korea). The histopathological diagnoses were determined using the WHO criteria, and the tumor histotype was serous adenocarcinoma in all patients. Classification of cancer stage and grade was performed according to the International Federation of Gynecology and Obstetrics (FIGO). A total of 16 patients with serous ovarian carcinoma were enrolled in this study, all patients were diagnosed as stage IIIC with high-grade cancer (grade 3).
ACP-based GeneFishing™ reverse transcription polymerase chain reaction
Total RNAs from the ovarian tissues of the serous carcinoma were isolated by gentle homogenization using Tri-zol®. The normal human ovary total RNA was purchased from Stratagene (Total RNA Human Ovary, #540071). The RNA was used for the synthesis of first-strand cDNAs by reverse transcriptase. Reverse transcription was performed 1.5 hours at 42°C in a final reaction volume of 20 μl containing 3 μg of the purified total RNA, 4 μl of 5′ reaction buffer (Promega, Madison, WI, USA), 5 μl of dNTPs (2 mmol each), 2 μl of 10 μM dT-ACP1 (5′-CTGTGAATGCTGCGACTACGATIIIII(T) 18 )-3′, where "I" represents deoxyinosine), 0.5 μL of RNasin® RNase Inhibitor (40 U/μl, Promega), and 1 μl of Moloney murine leukemia virus reverse transcriptase (200 U/μl, Promega). First-strand cDNAs were diluted by the addition of 80 μL of RNase-free water for the GeneFishing PCR and stored -20°C until use.
DEGs were screened by ACP-based PCR method using the GeneFishing™ DEG kits (Seegene, Seoul, South Korea). Briefly, second-strand cDNA synthesis was conducted at 50°C (low stringency) during one cycle of firststage PCR in a final reaction volume of 49.5 μl containing 3-5 μl (about 50 ng) of diluted first-strand DNA cDNA, 5 μl of 10x PCR buffer plus Mg (Roche Applied Science, Mannheim, Germany), 5 μl of dNTP (each 2 mM), 1 μl of 10 μM dT-ACP2 (5'-CTGTGAATGCTGCGACTAC-GATIIIII(T) 15 -3′), and 1 μl of 10 μM arbitrary ACP. The tube containing the reaction mixture was kept at 94°C while 0.5 μl of Taq DNA polymerase was added to the reaction mixture (5 U/μl, Roche Applied Science). Sixty PCR reactions for each sample were carried out with 60 arbitrary ACPs, respectively. The PCR protocol for second-strand synthesis was one cycle at 94°C for 1 min, followed by 50°C for 3 min, and 72°C for 1 min. After completion of second-strand DNA synthesis, 40 cycles were performed. Each cycle involved denaturation at 94°C for 40 sec, annealing at 65°C for 40 sec, extension at 72°C for 40 sec, and a final extension at 72°C to complete the reaction. The amplified PCR products were separated in 2% agarose gel and stained with ethidium bromide. The overall scheme of the experiment is shown in Figure 1 .
Cloning and sequencing
The differentially expressed bands were extracted from the gel using the GENCLEAN® II Kit (Q-BIO gene, Carlsbad, CA.,USA), and directly cloned into a TOPO TA® cloning vector (Invitrogen, Karlsruhe, Germany) according to the manufacturer's instructions. The cloned plasmids were sequenced with an ABI PRISM® 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA., USA). Complete sequences were analyzed by searching for similarities using the Basic Local Alignment Search Tool (BLAST) search program at the Genbank database of the National Center for Biotechnology Information (NCBI).
Quantitative real-time polymerase chain reaction and statistical analysis
For the confirmation of the differential expression of DEGs, quantitative real-time PCR was carried out for 38 DEGs selected from 114 DEGs. The concentrations of the reagents were adjusted to reach a final volume of 20 μL containing 5 ng of cDNA template, 10 μl of SYBR® Premis Ex Taq™ II (Takara Bio,Otsu, Japan), 0.4 μl of ROX™ reference Dye II, 0.4 μl of 10 μM forward and reverse primers of DEGs with β-actin as an internal control ( Table 1 ). The cDNA templates were constructed with the total RNA extracted from 16 ovarian cancer tissues and normal human ovary total RNA. The PCR amplification protocol was 50°C for 2 min and 95°C for 
Results
Differentially expressed genes (DEGs) in stage III serous ovarian cancers
The patients included in this study ranged in age between 38 and 69 (mean age 53.3 ± 7.5 years). All 16 patients had a diagnosis of FIGO stage III papillary serous ovarian carcinoma. To identify genes that showed a predominant change of expression in patients with stage III serous ovarian cancer, the total RNAs from 16 serous ovarian tissues of stage III and the normal human ovary total RNA (Stratagene, #540071) were individually subjected to ACP-based RT PCR analysis using a combination of 60 arbitrary primers and two anchored oligo (dT) primers (dT-ACP1 and dT-ACP2). All PCR amplicons were compared on agarose gels ( Figure 2 ). When the bands generated by the normal sample showed a clear difference compared to the bands generated on the cancer sample, the band was defined as a differentially expressed band. After all poor appearing bands were excluded, the differentially expressed bands were extracted, amplified using the TOPO TA Cloning Kit (Invitrogen, Cat. #K4500-1) and sequenced. The sequences of 114 DEGs were obtained. The DNA sequence of each DEG was analyzed by searching for similarities using the BLASTX program at the Genbank database (NIH, MD, USA). Table 2 shows the 114 DEGs assessed by Genbank and the best homologues. The DEGs identified from the clones that were upregulated included: AP000659 (U4, ARHGEF12), NM_013974.1 (U8, DDAH2), NM_022873.2 (U16, IFI6), NM_020529 (U21, NFKBIA), BC023599 (U30, TFG), and NG_011683 (U39, SEPT9). The up-regulation of SEPT9 mRNA was reported in a bank of ovarian tumors, which included benign, borderline and malignant tumors [11] . The genes including DDAH2, IFI6 and NFKBIA are known to be involved in the apoptosis inhibitory process while ARHGEF12 and TGF have been implicated in signaling pathways. The DEGs identified from down-regulated clones included: AK291099 (D7, BST2), NM_001025159.1 (D10, CD74), BC004186 (D18, GNB1), NG_011554 (D34, HTRA1), BC095490 (D36, IGKC), and BC001693 (D41, LGALS1). The down-regulation of HTRA1 was associated with ovarian cancer metastasis [12] . The genes including BST2, CD74 and IGKC were associated with the immune system; while GNB1 and LGALS1 were related to the modulation of cell-cell interaction and the G protein coupled receptor protein signaling pathway, respectively.
Confirmation of ACP observation by quantitative realtime PCR and cluster analysis
To confirm the efficacy of the ACP system, confirmation of the differential expression of DEGs was performed with quantitative real-time PCR for 38 DEGs selected from the total 114 DEGs using a specific primer pair for each gene (Table 1 and Additional file 1). The expression ratio of the cancer to normal sample was calculated by using C T and then was log 2 transformed (see Methods section for detail). The DEGs were considered differentially expressed if the log 2 ratio was > 1.0 or < -1.0. Differential expression was clearly observed in all 38 DEGs, which indicates a high reliability of the ACP system ( Figure 3 ). For the detection of more conserved expression patterns in patients with stage III serous ovarian cancer, cluster analysis was performed using the R package mclust http:// www.r-project.org. Thirty eight DEGs were divided into four groups according to their expression profiles with assignment of each gene to a group (Figure 3) . A clear contrast in expression patterns was noted between groups 1 and 4. That is, the overall up-and down-regulation in group 1 was 86.8% and 5.6%, respectively; the overall upand down-regulation in group 4 was 9.3% and 60.3%, respectively, when up-regulation corresponds to log 2 ratio > 1 and down-regulation to log 2 ratio < -1 (Table 3 ). This regulation pattern in each group was well maintained at various thresholds used for definition of differential expression. These findings suggest that the genes in Table 3 ). All genes except for NEAT1 in group 1 were identified from up-regulated clones while all genes except for NUDCP2 in group 4 were identified from down-regulated clones (Tables 2 and 3 ). These results were in good agreement with the ACP findings. 
The percentage of up-and down-regulation was calculated for each group.
Survival analysis
The Kaplan-Meier method was performed using the 38 DEGs that were up-and down-regulated. The up and down regulated genes were considered according to the log 2 expression ratio > 0 and < 0, respectively. A significant difference, in the overall survival (p values < 0.05) between the up-and down-regulated group, was observed for three DEGs including NM_013974.1 (dimethylarginine dimethylaminohydrolase 2, DDAH2), NM_001004333.3 (ribonuclease K, RNase K) and NM_080390 (transcription elongation factor A (SII)-like 2, TCEAL2) ( Figure 4 ). The overall survival decreased with up-regulation of these genes. DDAH2 predominates in the vascular endothelium, which is the site of endothelial nitric oxide synthase (eNOS) expression [13, 14] . TCEAL2 is a nuclear phosphoprotein that modulates transcription in a promoter context-dependent manner and has been recognized as an important nuclear target for intracellular signal transduction. The function of RNase K is unknown but might be related to an enhanced degradation of the tumor suppressor gene mRNAs, which leads to the development of cancer. The up-regulation of these three genes was observed in more than 60% of the total number of patients. The survival analysis also was performed for chemoresistance. Following debulking surgery, all patients received platinum-based chemotherapy, considered the standard of care for patients with advanced ovarian cancer. The patients that had either progression during chemotherapy or relapse within six months of treatment were considered chemo-resistant. Among 16 patients, eight were classified as chemo-resistant and the others were categorized as chemo-sensitive. The difference in overall survival between these two groups was significant (p value < 0.05, Figure 5 ). The shorter survival time of patients with chemo-resistance is consistent with a prior report [15] . To consider chemo-resistance and gene expression simultaneously, in the prediction of overall survival, the Cox multivariate analysis was carried out with the expression information of 38 DEGs and chemoresistance information from 16 patients. Multivariate analysis demonstrated a significant difference in overall survival between the chemo-resistant and sensitive groups for four DEGs including: NM_001004333.3 (RNase K), NM_032682 (forkhead box transcription factor family, FOXP1), NM_002292.3 (a family of extracellular matrix glycoproteins, LAMB2), and NM_001100167 (murine retrovirus integration site 1 homolog, MRVI1) (p values < 0.05, Figure 6 ). The RNase K showed significance in both univariate (gene expression) and multivariate (gene expression and chemo-resistance) analysis while DDAH2 and TCEAL2 showed significance only in univariate analysis. This was mainly due to the similar proportion of up-and down-regulation of DDAH2 and TCEAL2 between the chemo-resistant and chemosensitive groups. The overall survival of patients with chemo-resistance was significantly decreased with upregulation of these four genes; while the chemo-sensitive patients had down-regulation of these genes and a good prognosis. FOXP1 has a diverse repertoire of functions ranging from the regulation of B-cell development and monocyte differentiation to the facilitation of cardiac valve and lung development [16, 17] . LAMB2 might be involved in the cell adhesion or motility of prostate cancer cells [18] . The down-regulation of FOXP1 and LAMB2 was observed in more than 60% of all patients while MRVI was up-regulated among 63%.
Discussion
Ovarian cancer is the most common cause of death among all gynecological malignancies. The five-year survival rates in patients with ovarian cancer are about 80-90% for stage Ia-Ic, 70-80% for stage IIa-IIc, 30-50% for stages IIIa-IIIc and 13% for stage IV [19] . The high rate of death is due to the fact that most of patients (>60%) present with advanced stage disease (FIGO stages III/IV). Despite an initial response rate of 65%-80% to first-line chemotherapy, most ovarian carcinomas relapse. Acquired resistance to further chemotherapy is generally responsible for treatment failure. Several studies have sought to identify gene expression signatures that correlate with clinical outcome to identify those genes that are associated with survival and relapse and to use as predictive biomarkers for response to chemotherapy [20] [21] [22] .
There are many types of ovarian cancer. EOC accounts for 85%-90%; half of such cases are serous EOC. As with many cancers thought to be of epithelial origin, it is important to establish an appropriate control for evaluating differential gene expression between "normal" and cancer. Expression profiling studies of ovarian cancer have relied on a variety of sources of normal cells or comparison with tumors, including whole ovary samples (WO), ovarian surface epithelium (OSE), exposed to short-term culture, and immortalized OSE cell lines (IOSE) [23] . Direct comparison of the gene expression profiles generated from OSE brushings, WO samples, short-term cultures of normal OSE (NOSE), and telomerase-immortalized OSE (TIOSE) cell lines revealed that these "normal" samples formed robust, but very distinct groups in hierarchical clustering [24] . These indicate that the selection of normal control to compare epithelial ovarian samples in microarray studies can strongly influence the genes that are identified as differentially expressed. In this study, the total RNA from WO (Stratagene, http://www.stratagene.com) was used as control. WO samples have potential to obscure epithelial pattern due to large amounts of stroma, but they offer the advantages of avoidance of exposure to culture conditions and identification of differential gene expression pattern between tumor and normal tissue [25] . A total of 114 DEGs from patients with serous ovarian cancer stage III were identified using the ACP-based GeneFishing™ PCR system, which uses primers that anneal specifically to the template and allows only genuine products to be amplified. As the GeneFishing™ system is based on PCR, it can overcome the difficulty in identifying the genes responsible for a specialized function during a certain biological stage; this is because the gene is expressed at low levels, whereas most mRNA transcripts within a cell are abundantly expressed. Among the 114 DEGs, 42 were identified as up-regulated clones while 72 were down-regulated clones. These DEGs were involved in a variety of biological processes including apoptosis, signal transduction and the immune response. Apoptosis inhibitory processes were associated with genes such as NFKBIA, DDAH2 and IFI6 identified from up-regulated clones; while the immune system associated genes such as IGKC, CD74 and BST2 were found in down-regulated clones. The differential expression of DEGs identified by the Genefishing™ system showed good agreement with the results of the quantitative real-time PCR. Cluster analysis based on gene expression profiles identified two groups showing a contrast in the expression pattern. That is, one group including: SSBP1, IFI6 DDT, IFI27, C11orf92, NFKBIA, TNXB, NEAT1 and TFG, was up-regulated in most patients with stage III serous ovarian cancer (Figure 3 and Table 3 ). These genes might be utilized as potential targets in patients with stage III serous ovarian cancer. IFI6 is involved in apoptosis inhibitory activity while TGF is implicated in up regulation of the I-B kinase/NF-B cascade. TNXB encodes TNX, a protein of unknown function that is mainly expressed in the peripheral nervous system and muscles. The promotion of tumor invasion and metastasis has been reported in mice deficient in TNX through the activation of the matrix metalloproteinase 2 (MMP2) and MMP9 genes [26] . This indicates that the up-regulation of TNXB, in patients with advanced stage of ovarian cancer, might induce low expression of MMP2 and MMP9. The decrease of MMP2 has been reported in liver metastases in advanced colorectal cancers [27] . Another group consists of LAMB2, XRCC6, MEF2C, RBM5, FOXP1, NUDCP2, LGALS3, TMEM185A, and C1S, which was down-regulated in most patients with stage III serous ovarian cancer ( Figure 4 and Table 3 ). The down-regulation of LAMB2 and MEF2C might be involved with cell adhesion or motility in invasive prostate cancer cells [18] and apoptosis via BCL2 transformation [28] , respectively. FOXP1 is a potential therapeutic target in cancer and can be considered either an oncogene and/or a tumor suppressor gene [29] . That is, its over-expression confers a poor prognosis in a number of types of lymphomas while the loss of its expression in breast cancer is associated with a poor outcome. The function of FOXP1 in serous ovarian cancer remains unclear.
LGALS3 encoding galectin-3 has been implicated in advanced stage disease [30] . The distribution of galectin has been associated with stage III-V with cellular changes such as dysplasia, cancer cells' nest formation, breakage of the basement membrane, and infiltration of cells into non-native tissue. However, 13 out of the total 16 patients with stage III serous ovarian cancer had down-regulation of LGALS3. This is consistent with the report by van den Brule et al. [31] that showed that galectin-3 expression was decreased in 67% of cases compared to the normal epithelial cells. However, it conflicts with the observations of Lurisci et al. [32] that galectin-3 serum levels in patients with ovarian cancer were significantly elevated. The expression of LGALS3 might be affected by the stage of ovarian cancer.
The overall survival estimated by the Kaplan-Meier method was significantly different between the up-and down-regulated patient cohort with regard to three genes including DDAH2, RNase K and TCEAL2. The up-regulation of these genes was associated with a shorter overall survival (Figure 4 ). In rapidly growing cells like tumor cells, the activity of RNases is decreased [33] , as dictated by the requirement of significant amounts of RNA for protein synthesis. However, high RNase activity has been reported in chronic myeloid leukemia [34] and pancreatic carcinoma [35] . In this study, 70% of the patients with stage III serous ovarian cancer showed up-regulation of RNase K. The function of RNase K in advanced ovarian cancer remains to be clarified. In addition, the overall survival of patients with chemo-resistance was significantly decreased with upregulation of the genes including: RNase K, FOXP1, LAMB2 and MRVI1 ( Figure 6 ). This might implicate these genes in chemoresistance.
Conclusion
One hundred and fourteen DEGs were identified from 16 patients with stage III serous ovarian carcinoma using the ACP-based RT-PCR technique. Fifteen percent of the total DEGs were associated with apoptosis, the immune response, cell adhesion, and signal pathways. The genes related to apoptosis inhibitory processes tended to be up-regulated while the genes associated with the immune response tended to be down-regulated. The up-and down-regulated genes were identified in most of the patients and might be used as predictive markers in stage III serous ovarian cancer.
Additional material
Additional file 1: The log 2 expression ratios, of cancer to normal samples measured by the quantitative real-time PCR, for the 38 DEGs from 16 patients.
